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INTRODUCTION 

This workplan has been prepared by Kennedy/Jenks Consultants (K/J), on behalf of the 
Douglas Aircraft Company (DAC), in response to a request from the California Regional 
Water Quality Control Board -:Los Angeles Region (RWQCB) dated 7 April 1992. The 
subject site is located at 19503 Normandie Avenue, Los Angeles, California (Figure 1 ). 
The area of interest is a former underground storage tank cluster (Tanks 1 5T through 1ST) 
near Building 36 (Figure 2). The RWQCB has requested a workplan for: 

• Definition of the extent of chemically impacted groundwater in the lower 
flow zone in the vicinity of former underground tank cluster 1 5T through 
1ST 

• Definition of the extent of chemically impacted groundwater in the hydraulic 
downgradient direction in the upper flow zone in the vicinity of former 
underground tank cluster 1 5T through 1ST 

• Quarterly groundwater monitoring and reporting for all groundwater wells on 
the site including; 1 ) chemical concentration levels in groundwater for 
aromatic and halogenated volatile organic compounds (VOCs), 2) contoured 
groundwater potentiometric surface elevations depicting the direction of 
groundwater flow 

The objective of this workplan is provide a basis to meet the RWQCB requests in a prudent 
and effective manner. 

BACKGROUND 

Woodward Clyde Consultants (WCC) have performed several subsurface investigations 
(Phase I, II, and Ill) in the vicinity of Tank Cluster 15T through 1ST. As a result of these 

investigations, Tank Cluster 15T through 1ST appears to be a potential source of detected 
VOCs in groundwater. WCC has submitted three subsurface investigation reports to the 
RWOCB dated April 19S7, May 19SS, and March 1990. 
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Hydrogeology 

The following discussion is based primarily on the WCC Phase Ill Groundwater and Soil 
Investigation Reoort for the site, dated March 1990. 

There are two water bearing zones of primary interest beneath the site. The first encoun­

tered groundwater zone is approximately 70 to 90 feet below the ground surface (bgs) and 
is referred to herein as the shallow zone. There are numerous existing groundwater 
observation wells completed in this zone. Existing shallow zone observation wells are 
screened from approximately 60 to 90 feet bgs. The shallow water bearing zone is 
apparently at atmospheric pressure and represents the water table. The March 1990 WCC 
report indicates a south-southeast groundwater gradient for the shallow zone with a 
magnitude of 0.002 ft/ft and a groundwater velocity of 0.64 feet/day (234 feet per year). 

Figure 3 is a reprint of the potentiometric surface contours presented in the March 1990 
report. A pumping test <Weii"WCC-4S) was conducted which indicated an estimated 
hydraulic conductivity of 715 gpd/ft2 for the shallow zone (average value of several 
analytical methods for several observation wells). 

Based on boring logs, permeable strata comprising the uppermost level of the second 
groundwater zone (the deeper zone) have apparently been encountered at depths of 112 -
feet bgs and 1 19 feet bgs in the borings for wells WCC-1 0 and WCC-30 respectively 
(Figure 2). These are the only groundwater observation wells completed in the deeper 
zone in this vicinity. Both wells are screened from 1 20 to 1 40 feet bgs. This zone is 
separated from the shallow zone by a yellowish brown to bluish gray silty clay ranging six 

to nine feet in thickness in wells WCC-1 0 and WCC-30 respectively. Based on water level 

data provided in the wee Phase Ill report this clay apparently acts as a confining layer to 
the deeper zone. The potentiometric surface of the deeper water bearing zone is at near 
the same elevation as the shallow water bearing zone. Both deeper observation well 
boreholes were terminated in a dark yellowish brown and bluish gray silty clay or claystone 

at approximately 140 feet bgs. There are insufficient data points (two) to determine the 
direction and magnitude of the groundwater gradient in the vicinity of Tank Cluster 15T 
through 1ST. 

Groundwater Chemistry 

A mixture of halogenated, non-halogenated, and aromatic volatile organic compounds have 
been detected in groundwater samples from observation wells near the former tank cluster. 
Analysis of available data indicates that elevated levels of 1 , 1 dichloroethylene (OCE) and 
trichloroethylene (TCE) have been present in all samples containing other chemicals. 

Further analysis indicates that TCE is present in shallow zone groundwater near the site 
northwest boundary (WCC-1 OS) in the range of 80 parts per billion (ppb), and TCE and 
OCE are present in shallow zone groundwater at other well locations upgradient and cross 
gradient to the tank cluster area in the range of tens of ppb (WCC-2S, -11 S, -9S, and -55). 

Shallow zone groundwater samples closer to the tank cluster area reveal significantly 
higher concentrations of TCE and OCE (hundreds to thousands ppb). The data strongly 
suggest that, while apparent releases from the tank cluster area are contributing to the 
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volatile organic chemical concentrations in groundwater, the background levels of TCE and 

DCE in shallow zone groundwater in the vicinity of the site are in the tens to one hundred 

ppb range. 

DCE, 1 ,1 , 1 Tricholorethane (TCA) and/or TCE have been detected in the range of tens of 

ppb in deeper zone groundwater at the locations of the two deeper zone observation wells 

near the former tank cluster (WCC-1 D and WCC-30). 

APPROACH 

Quarterly Groundwater Monitoring 

DAC has initiated a quarterly groundwater monitoring program at the site. The first 

quarterly sampling round (sec_qnd quarter 1992) of this program was conducted the week 

of 15 June 1992 and results of laboratory analyses are pending. A report of laboratory 

results, groundwater levels, and methodology will be presented to the RWOCB by 15 July 

1992. 

Additional Groundwater Investigation 

The following approach to additional groundwater investigation at the site is predicated on 

the need to: 1 ) evaluate all available data concerning groundwater quality and flow 

characteristics, 2) gather additional data in a judicious and cost effective manner. 

Collection of additional shallow zone lithologic and groundwater data using cone 

penetration testing (CPT), and Hydropunch'M groundwater sampling and the installation of 

three deeper zone observation wells are proposed. The proposed locations shown on 

Figure 2. Proposed Hydropunch™ locations may vary pending analysis of the most recent 

potentiometric surface level data. Upon installation of the first deeper zone observation 

well, deeper zone groundwater elevation measuresments will be made to obtain the 

direction of groundwater flow in this zone. The remaining deeper zone observation well 

locations may be altered if the measured groundwater flow direction is significantly 

different than anticipated. 

The CPT can provide useful lithologic data while Hydropunch rM groundwater samples will 

provide a basis to place observation wells at the fringe, or downgradient, of known areas 

of elevated chemical concentrations. Hydropunch™ samples will be analyzed for VOCs, at 

a California certified laboratory, using EPA Method 8240. The potential existence of a 

cemented fossiliferous sand layer at approximately between 30 and 45 feet bgs may 

impede further progression of the CPT and Hydropunch™ tools. 

Prior to determining exact locations for additional shallow zone groundwater observation 

wells, it is prudent to await the results of the recent groundwater sampling and water level 

measurements. In addition, requests have been made to the RWOCB, and other agencies, 

to review environmental reports for surrounding properties. The earliest review dates 

granted by the RWOCB are near the end of June 1992. It is important that the locations 
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of, and data from, existing off-site observation wells be reviewed to assess the regional 

groundwater quality problem and avoid duplication of existing observation well usefulness. 

Shallow Zone 

The RWOCB letter of 7 April 1992, addressed to DAC, comments that there is a need to 

define the extent of the "contaminant plume" downgradient of former Tank Cluster 1ST 

through 1ST. In addition, the RWQCB comments that water quality data from wells WCC-

55 and WCC-95 indicate that the "contaminant plume may have migrated off-site," 

thereby requiring investigation of off-site groundwater quality data. 

The proposed locations of four shallow zone CPT /Hydropunch TM are shown on Figure 2. 

HP-1 S is located upgradient of the tank cluster and has been chosen to attempt to 

evaluate the upgradient groundwater quality .. The HP-25 and HP-35 locations are 

intended to attempt to identify the lateral and downgradient extent of elevated chemicals 

of concern potentially associated with the tank cluster. HP-45 is located along the site 

eastern boundary. Available water level data suggest that this location is not necessarily 

downgradient of chemicals attributable to the former Tank Cluster 1ST through 1ST. This 

location is included in this program to aid in determination of groundwater chemical 

conditions at the property boundary. The shallow Hydropunch™ samples will be taken in 

the bottom one-quarter of the shallow saturated zone (approximately SS feet bgs). 

No off-site groundwater sampling locations or observation well locations are recommended 

at this time. Results from all available data must be analyzed. Currently available data do 

not strongly point to chemicals in observation wells WCC-S5 and WCC-95 originating 

onsite. The chemical concentrations and species found in groundwater samples from 

these wells indicate that impacted groundwater at these locations may be part of a larger 

regional problem. Data from adjacent properties, current chemical concentration levels, 

and groundwater potentiometric surface data over time should be analyzed prior to 

recommending off-site observation wells. 

Deeper Zone 

Three deeper zone groundwater observation wells are proposed. As discussed above, 

depth to groundwater in W-40 will be measured and converted to elevation to ascertain an 

estimated groundwater gradient in the deeper zone prior to installing the W-20 and W-50. 

The proposed locations of W-20 and W-SD may be altered if the measured groundwater 

flow direction is significantly different than assumed. 
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FIELD METHODOLOGY 

CPT and HydropunchrM 

The CPT and Hydropunch™ technologies are well documented in the literature. A reprint 

of an article, expiaining the Hydropunch™, published in the Summer 1989 issue of 

Groundwater Monitoring Review, is attached to this workplan. 

The CPT will be conducted with a large (20 ton) rig specifically designed for this purpose. 

The rig hydraulically pushes 1.5-inch steel rod with either an electronic friction cone-tipped 

cylindrical probe or Hydropunch™ sampling tool attached to the end. The cone-tipped 

probe measures friction resistance along the side of the probe and soil resistance on the 

cone tip. The device is calibrated to allow calculation of inferred soil descriptions 

(lithology) from the resistance readings. 

The resulting borehole will be grouted with neat cement during withdrawal of the rod. The 

CPT rig is equipped with a self-contained decontamination system that steam cleans the 

CPT rod while it is being withdrawn from the ground. Rinsate water is contained inside an 

enclosed chamber and will be pumped to suitable containers (55 gallon DOT approved 

drums or temporary storage tanks) for subsequent disposal. 

Tyoical Observation Well Construction 

Observation well boreholes will be drilled using Dual-Wall Percussion Hammer Techniques. 

The dual wall technique drives a ten-inch diameter dual wall casing into the ground with a 

percussion hammer. Soil cuttings are lifted through the annulus of the dual casing walls 

by compressed air. The driving of the casing effectively seals off the borehole annulus 

thereby reducing the potential of inter-water bearing zone hydraulic connection.· The 

casing provides a stable borehole for well construction while eliminating the need for 

drilling fluids other than compressed air and minor amounts of potable water. 

The observation wells will be constructed of 4-inch diameter PVC materials. Based on 

earlier studies at the site, the screened section of each well will consist of 0.010-inch 

factory slotted well screen and the filter pack will be a Lonestar No. 30 sand (or 

equivalent). Screened intervals will consist of approximately 20 foot lengths of factory 

slotted Schedule 40 threaded PVC, equipped with a threaded end cap, and set 

approximately 120 to 140 feet bgs. Blank casing will consist of Schedule 40 threaded 

PVC well casing equipped with a PVC slip-on cap. A typical proposed groundwater 

observation well construction design is shown on Figure 4. 

To ensure that the casing string is centered in the borehole to attain a relatively even filter 

pack, stainless steel casing centralizers will be installed at the top, mid-point and bottom of 

the screened interval and at a minimum of every 40 feet of blank casing. The well casing 

string will be suspended in the borehole from ground surface such that it does not rest on 

the bottom of the borehole. All well casing connections and fittings will be threaded. No 
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glue or thread lubricants other than TeflonR will be allowed. Prior to observation well 

construction, all well construction materials (i.e .• well casing, centralizers, etc.) will be 

steam-cleaned. 

The clean, washed Lonestar No. 30 (or equivalent) sand filter pack will be emplaced into 

the borehole annulus around the well screens utilizing a temporary tremmie pipe. The filter 

pack shall be tremmied with a 2-inch-diameter pipe through the drive casing from the 

bottom of the borehole to a depth approximately three feet above the top of the well 

screen. During installation of the filter pack, the drive casing will be periodically raised 

such that a portion of the filter pack is maintained within the lower portion of the drive 

casing to prevent the borehole from collapsing around the well casing. Prior to placing a 

bentonite seal on top of the filter pack, each well will be surged with a vented surge block 

to settle the filter pack. In the event that the upper surface of the filter pack drops as a 

result of this surging, additional sand will be installed. In addition a two-foot layer of 

"sugar sand" (Lonestar No. 60. or equivalent) shall be added on top of the sand filter pack 

to approximately five feet above the well screen. 

A bentonite seal consisting of pelletized bentonite will be free-fallen through the drive 

casing into place directly above the filter pack to provide an approximate three- to five­

foot-thick seal in the well annulus. Prior to installing the sanitary seal, the bentonite seal 

will be allowed to hydrate a minimum of 45 minutes. 

A cement/bentonite slurry sanitary seal will be installed from the top of the bentonite seal 

to approximately five feet bgs through the use of a temporary tremmie. The slurry will be 

prepared by adding three to five pounds (i.e., 3 to 5% by weight) of powdered bentonite 

to seven to ten gallons of potable water per 94-pound sack of cement. During installation 

of the sanitary seal, the bottom of the tremmie will be kept submerged in the grout to 

maintain a continuous seal, and the drive casing will be periodically raised to maintain a 

continuous seal and a stable borehole. 

The top of the well casing of each observation well will be completed below grade and 

protected with a locking steel stovepipe and a traffic-rated Christy-type surface box. After 

the PVC well casing has been cut off approximately one foot below grade and fitted with a 

slip-on PVC cap, the well casing will be secured with a locking mild-steel casing. This 

casing will be set into a concrete surface seal such that the top is approximately six inches 

below ground surface. The watertight Christy-type surface box will be centered in an 8-

inch-thick concrete pad such that the upper surface of the cement apron is sloped away 

from the well to direct surface runoff water away from the well. 

After observation well construction, each well will be surveyed to mean sea level for 

vertical and horizontal control. 

Observation Well Development 

After a minimum of 72 hours have elapsed, each newly constructed observation well 

installed during this investigation will be developed by utilizing mechanical and pump 

development techniques. Initially, each well will be mechanically developed by surging and 
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bailing. The wetted portion of the well casing screen will be alternately surged and bailed 

until essentially no sediments are brought into the well casing. Each well will be surged 

using a tight-fitting surge block and sediments (if any) brought into the well casing will be 

removed through the use of a stainless steel suction-type bailer. 

After it has been determined that additional sediments cannot be brought into the well 

casing through mechanical methods, each observation well will be pump developed by 

temporarily installing an electric submersible pump to the approximate mid-point of the 

wetted casing and groundwater will be purged until all visibly suspended solids are 

removed from the well (i.e., purge-water is clear) and the following parameters have 

stabilized: electrical conductivity, pH, and temperature. During observation well 

development, a minimum of 1 0 wetted well casing and borehole volumes will be purged. 

Observation Well Groundwater Sampling and Laboratory Analyses 

Following well development, groundwater from each new observation well will be sampled. 

If the construction dates are relatively close to a scheduled quarterly sampling event, new 

well sampling will coincide with quarterly sampling. Groundwater sampling will follow 

standard procedures and quality control/quality assurance procedures as documented in 

the upcoming Second Quarter 1992 Groundwater Monitoring Report. 

All groundwater samples will be analyzed for volatile organic compounds, at a California 

certified laboratory, using EPA Method 8240. 
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The HydropunchrM: .An In Situ Sampling Tool 
for Collecting Ground Water 

from Unconsolidated Sediments 
by Russel W Edge and Kent Cordry 

Abstract 
The H ydropunch •• is a stainless steel and Teflon~ sampling tool that is capable of collecting a representative ground 

J:ater sample without requiring the installation of a ground water monitoring well. To collect a sample. the Hydro punch 
i Patent .:4669554) is connected to a small-diameter drive pipe and either driven or pushed hydraulically to the desired 
1mpling depth. As the tool is advanced. it remains in the closed position. which prevents soil or water from entering the 
fydropunch. Once the desired sampling depth is obtained, the tool is opened to the aquifer by pulling up the drive pipe 

approx1mately 1.5 feet (0.46m). In the open position. ground water can flow freely into the sample chamber of the tool. 
":hen the sample chamber is full. the Hydropunch is pulled to the surface. As the tool is retracted. check valves close and 

ap the ground water in the sample chamber. At the surface the sample is transferred from the Hydropunch to an 
-'-;:?ropnate sample container. The tool is a fast. inexpensive alternative for collecting ground water samples from a 
~·.screte :mer.·al. It is excellent for vertical protiling or defining the areal extent of a contaminant plume. 

Introduction 
Increased public awareness and concern over toxic 

.e:-mcals in our ground water resources has resulted in 
.:ramatic increase in the number of ground waterinvesti­

~~ons being conducted in the United States. The cor­
~stone oi these mvestigations is the ground water moni­

. .: :-i!"lg well. \-tonitoring wells are used to determine if 
·~Jund water contammauon exists at a selected location. 

Jua.nttfy the concentrauon of contaminants m the 
=· 0und water. and to derine the vertical and honzomal 
:xtent oi .:ontamination. During the past decade, 

;Jroved analytical techruques and a better understanding 
~round water monitoring requirements have made the 

:~stallation. development. and sampling of ground water 
- nitoring wells increasingly more sophisticated. 

;-eased sophistication has resulted in a corresponding 
.• ~rease tn the cost and time required to complete the 

· · . .,ica.l ground water monitoring well. It has been esti­
ted that the average cost of driliing and installing a 
.;le ground water monitonng well has increased 

,proxtmately 52000 to more than S6000 in the last 
ears. This figure does not include well development 
sampling costs. At sites where ground water and soil 

are classified as hazardous and must be containerized and 
transported to suitable locations for disposal. costs for 
well installation. development. and sampling will be sub­
stantially higher. These increased costs are due in part to 
the volume of material to be disposed of, increased health 
and safety requirements, detailed sampling protocol, and 
more stringent QA I QC. 

In addition to increased cost. the time between the 
installation of a ground water momtoring well and the 
time when a ground water sample is actually collected 
can become quite lengthy. For small investigations (using 
five or fewer relatively shallow wells drilled with hollow­
stem augers. as an example) it is typically a matter of days 
or weeks between the time drilling is initiated to when 
ground water samples are collected. It has been the 
authors' experience on medium- and large-scale investi­
gations (six or more monitoring wells) that weeks or 
months pass between the initiation of drilling and ground 
water sampling. This is primarily a result of scheduling 
the drilling, development. and sampling crews in the most 
efficient manner. Ideally. all monitoring wells are installed. 
then developed and finally sampled: For a project involv­
ing numerous ground water monitoring wells it reouires a 
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Due to ::::: :ost .1na :::r::e J..:iSOC:ltea ·.1. :th ground 
·.~.·ater ::-:or.::-::r:ng -.>ds. ::-.1ny ;r.'.est:g:nors :1ave •Jsed . . . . . . 
~cc8naary ~e:ec:1on tec~r'..:cuesl L! .. geo~nysiC3J metnoas 
li'l.a so1i-~:J.S sampimgJ ::1 .1:1 lt:e:-:-.;n :o -:e:~r.e the hon­
wntli ::xt:::-:t vr' .:om1m:nam ?iumes. :\t mes ·~here the 
lycrogeoio~:: 1r.d .:omarr.mam .:ondiuons are sultable. 
seconaary ae:e:t:on zr:ethods have proved :o be quite 
·. aiuable. L':·...:·vr!Unateiy. at rr.any sltes wnere conditions 
are less than :delL the results were iound to oe confusing. 
OcclSlOnaiiy. :itt!e or no correiauon can be made between 
the .:oncentrauons derived from mdirect detection 
methods and contammam concentrations iound in mon­
itonng wells that were subsequentiy instaileci. 

In December 1984. a conceptuai modei was developed 
for a tooi that would enabie investigators to quickly 
collect a ground water sample without requiring the 
installation. development or sampling of a ground water 
monitonng well. The goal was to devise a fast. inexpensive 
method to collect a single ground water sample suitable 
for pnority pollutant analysis. If successful. the tool would 
reduce the number of monitoring wells needed to complete 
a ground water investigation and would provide more 
accurate. quantiliabie ground water contaminant con­
centrations than existing secondary detection methods. 
The tirst prototype of such a sampler. later called the 
Hydropunch. was completed in March 1985. 

Overview of the Hydropunc:h Components 
and Their Functions 

The Hydropunch ground water sampling tool was 
designed to be used in two modes, utilizing either cone 
penetrometer equipment or conventional drilling equip­
ment. to push or drive the tool to the desired sampling 
.:!epth. The sampler is constructed entirely of stainless 
steel and Teflon, is easily cleaned in the field, and will 
collect approximately SmL of sample. The Hydropunch 
has a stainless steel drive point, a perforated section of 
stainless steel pipe for sample intake, a stainless steel 
sample chamber, and an adapter to attach the unit to 
either penetrometer push rods or standard soil sampling 
rods (Figure I). 

As the unit is pushed or driven through the soil, the 
sample intake tube is retained in the sample chamber (in a 
watertight housing), which prevents contaminated soil or 
ground water from entering the unit. The shape of the 
sampler and its smooth exterior surface prevents the 
178 Summer 1989 GWMR 

-' .· ~ ' ~cAP?cR ~c :~tL!.:Na :R 
:l ' '-+-- -c::: .. e-.. c .. e-- .. ..., ~ - r. '"-" In .... l:n ... cos 

I ~ 
~o.,.j.- -:· 

~I I (, 
i I 

•·I -::. ....... ___:::.. SAMPLE CHAM8Ei=l 
i 

',1 .. 2' 
";1 -.l.l ' .._._'-OWE~ CHECK 'IAL'IE 

SCIL ~!I : I 'I : ~. ;1 .. \1 . ' 
::J :-! ~~- jJ "j , • M ~ SL:oe ASSEMSL 'f 

. J~ j',',~ 
,- ::/~ 1-::1· i ~I ~· 
I I 

-1 I I ; ~- SAMPLS rNnKe ~use 
f' a I /.., 

J~ ajR"' 
I 

a 1 

.: . i 

0 RING c- CAlVE CONE 

~I 
Ficure l. Hydropunch schematic. 

downward transport of the surrounding soil and liquid as 
the tool is advanced. When the desired sampling depth is 
reached, the sample chamber is withdrawn approximately 
1.5 feet (0.46m). The drive cone, which is attached to the 
intake tube, is held in place by soil friction. As the sample 
chamber is retracted, the drive cone pulls the perforated 
intake tube from inside the sample chamber and exposes 
it to the water-bearing zone (Figure 2). Once exposed. 
ground water flews through the intake tube and into the 
sample chamber. Unlike monitoring wells, no foreign 
materials (i.e .• gravel pack, drilling fluid or cuttings) are 
introduced into the zone being sampled, minimizing the 
possibility of sample quality being influenced by 
extraneous contaminants. As the sample is collected, the 
drive cone and the sample chamber are flush against the 
borehole walls, sealing the intake tube from ground water 
above and below the zone being sampled. This permits 
ground water samples to be collected from a discrete 
venical intervaL The sample is collected under in situ 
hydrostatic pressure with no .aeration and minimal agit<h 
tion. Once the sample chamber is filled, the Hydropunch 
is retrieved. Similar to a bailer, the upward movement of 
the sampler increases the hydrostatic pressure in the unit. 
which closes the two checlc valves and retains the sample 
within the sample chamber. Upon retrieval, the push rods 
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gure !. Once exposed. ground water no'" throup the intake 
..~be and into the sample chamber. 

:! disconnected from the Hydropunch and the upper 
:all check vaive :s removed. The drive cone is removed. 
~d a sam pie discharge tube is inserted in the lower end of 

! umt. The sam pie c:1n then be transferred to a sample 
_ ntamer :hrough a T :!::on stopcock and tubing. 

u ydropunch Operations 
Where the geologic conditions are suitable for cone 

. :-netrometer soundings (normally characterized by rela­
. ely soft. tine- to medium-textured soils), the Hydro­
nch can be rapidly pushed to the desired sampling 
pth by a cone penetrometer rig. Since the late 1930s, 

:eorechnical investigations have used the cone pene-
meter system to determine in situ soil characteristics. 
nply described. the cone penetrometer system consists 

: a cone approxur.ately 1.5 inches in diameter attached, 
· m down. to a series of rods with approximately the 

1e diameter. Tne cone is forced downward through the 

. ,, .. 
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Ficure J. By replacinc the standard cone with the samplinl toot. 
the investicator can push the tool into the tar1et area. 

so1l by a heavy truck or drill rig equipped With large 
hydraulic rams. Tne changes in the force required to 
advance the cone are recorded and correlated to changes 
in soil stratigraphy. The system is very fast compared to 
convenuonal drilling and soil sampling techniques and 
can reach depths of 140 feet in suitable geologic 
environments. 

By replacing the standard cone with the Hydropunch 
ground water sampling tool, the investigator can rapidly 
push the tool into the target aquifer and collect ground 
water samples to venfy contamination and to define the 
extent of the contaminant plume (Figure 3). The authors 
have collected ground water samples with a Hydro punch 
and cone penetrometer from 15 feet to more than 70 feet 
below the ground surface in approximately one hour. 
The cost for each sample typically ranges from one-half 
to one-tenth the cost of installation, development, and 
sampling of a conventional ground water monitoring 
well . 

When used with a penetrometer rig, the sampling 
operation results in minimal impact to the surrounding 
environment. Drill cuttings and development water are 
not produced. thus eliminating the need for disposaJ of 
contaminated soil and water and minimizing cleanup and 
decontamination requirements. The clean, fast operation 
of the system is also \'aluable when ground water samples 
are needed with a minimum of d!sturbance to the sur­
rounding environment. 
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. :::e~;:J.i ~~:lO~c!S ::-:~ Hyc:-opu~c:1 :o ·.:Vl~ec: :-::.!~erous 

~.::.:-::::::~~s J.t ~:..:·:·~~e!1t :e:t:-ts ~-ror.-: l s1ng:e jore~ole. 
~J.:r:~t!=:g Cur::-tg ·:~:~:1r.g ;'!'·JvtCes a :·J.SL e:8~om:c:1l 

:-::e:1:15 :o :me~upte Sites wne~e .;1me :s ~:1own oi the 
::::drcgeotogy J.nci. or ·.vhere :-:1uiu-aautie:" syste:":1S exist. 
Con·.ent:onai dr:iling and soti sampling :nemods can be 
~sed :o C:e::.ne soli str::mszr:J.chv :md to :de:1tu.y water­
Je:J.r:niZ zones. When a gr~u~d ~·ater sam pie ts destred. a 
soli sa;.oier :s re:noved and reoiaced wnh the Hydro­
:;unch. i:1e Hvdroounch ts driv~n into the target aquifer 
~J.St the zone distu~bed bv the dniling process. Tr.e umt is 
~hen ooened to the forrn~t:on. oermnumz a !Zround water 
samol~ to be collected. Tnus. ~ smgie bo-;,ng can provide 
disc;ete ground water auali.tv and piezometnc data for 
;!lCh wa;er-bearin2 ZOn~ en~ountered WithOUt the COn­
strUCtion of muiulevel monitonng wells. The resulting 
data can be used to quickly and cost~ffectively determine 
t!-le hydrogeologic and geochemical condiuons of the 
studv area. 

Deoending on the number of ground water samples 
-:oilect;d per boring and the type of drilling equipment 
:..:sed. the authors have iound the system to be appro:ti­
mateiv one-half to one-fourth as costly as conventional 
mvesc'igauons using monitoring wells to collect ground 
water samples. 

Case Histories 
~onhern California Municipal Landflll 

The Hydropunch was used in 1985. 1986. and 1987 
.,., hile conducting a ground water investigation at a landfill 
in :1orthern California. The landfill was suspected of 
:eaicimz iow levels of volatile orszanic contaminants I VOCs) 
:nto th-e 2:round water. rne la~dt1ll is located in a section 
of uncon""soiidated. well sorted, quartzose. brown-to-red, 
tine. silty sand of eolian origin containing isolated lenses 
oi silt and clay. t: nderiying the sand are poorly indurated 
lavers of sandv silt and clav interbedded with thin layers 
o~ lenses of fi~e-to-mediurit grained. silty sand. The first 
major aquifer encountered typically occurred 20 to 30 
feet above the contact of the fine sand and the underlying 
siitv clav. Due to the e:'<tremc: topographic relief of the 
sit~. the. depth to ground water ranged from 25 to more 
than !50 ieet below the surface. The upper aquifer was 
the primary zone of VOC contamination at the site. 
~(onitoring wells were installed around the perimeter of 
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Fi~ure ~. When the samplinc depth is rnched. the tool is opened. 

the t"acliitv to determine lf the landfill was the source oi 
contamin~tion and to detine the extent of the contaminant 
plume. The Hydropunch was used in conjunction with a 
hollow-stern auger drilling rig to provide ground water 
samples as dnlling proceeded. 

A portable field gas chromatograph was used to pro­
vide immediate analvtical resuits. If elevated levels of 
ground water contantination were found in the Hydro­
punch sam pie. a permanent monitoring well was installed 
in the test boring. Hydropunch samples were collected 
from depths ranging from 30 to 150 feet beiow ground 
surface. 

By the end of the investigation it was apparent that J. 

strong correlation could be made between contaminant 
concentrations found in the Hydropunch and those found 
:n monitorin2 wells. The comoarison mav be seen in 
Table 1 and -is discussed later: ~lultiple Hydropunch 
samples collected at various vertical intervals from the 
same borehole indicated that the highest contaminant 

TABLE 1 
Cost Comparison 

C onvenrionaf 
Well 

Activity Installation 

:\.-1obilizauon s :!00 

Drilling and well 3200 
installation a 

Well development 500 

Field supervision 1000 

Sampling 600 

Total cost S5500 

Total time 3 days 

~:"iumber of JtOund water samples- 5 
Depth 10 ground wa1~r - !S fm 

Hydropuncb 
with Pene- Hydropuncb 

rrometer Rit wiah Drill Ric 

s 100 s 100 

800 1200 

400 600 

425 ~25 

S1725 s:J:s 
1 day 1.2 Jays 
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Southern California School~·ard 
i:1 :he s;;:-::;g of I 986 t~e Hydropunc;, was tlsed wnh a 

.:J71e ~e:tet:-cr::eter :-:g to coniirm :he ?resence of benze~e .. 
:2! ue:;e. and xy:e:-:e ::omarr.mauon oe:1eat~ a piayground 
'"': a. ;;:-esc:-:ooi ::-: Los :1.ngeies. CJ.iiiorma. Grou:1d water 
~ .:.::lr:-ed :;-: ai:unai depOSitS Of :ine slity sana and ~ine 
;and. ty;:ncaiiy .:-to 5-fe:~ thick. interbedded with layers 
Jf :ow-permeabtiity stlts and ciays. The de!'th to ground 
·"'·ater :-anged from 6 to I 0 :'e:t below the site. The investi­
;:mon required t!'lat iive ground water sam pies be collected 
:·~om a de;:nh or' about I 0 to 25 feet below grade. The total 
::e:d effort had to be compieted over a two-day weekend 
:o mmtmize the disrupuon of the preschool acti\lties. By 
using the cone penetrometer ng to push the H ydropunch. I the investigation was completed in one day, with no 
disrupuon to the school yard. The only impact to the 
:;: [ayground produced by the sam piing was tive 1.25-inch­

R d:arr.eter hoies. whtch were Immediately backfilled with 
ce:ne:1t and bentonite and topped with an asphalt patch. 

Table I shows a companson between the esumated 
~ : Jsts ;·or a con•;e:monal weil xnstailation program at the 
£ s:ce. an estimate of costs ior a Hydropunch investigation 

:.:s:::g a noilow-stem auger drill rig, and the actual cost 
::-. .:~:-:ed usmg the Hydro punch with a cone penetrometer 

' :-:g. T:,ese costs represent fieid costs only for collection of 
a smgie ground water sample. Total costS of the field 
::-:;esugauon using the Hydropunch with a cone pene­

..: :rometer ng were less than one-third the estimated cost 
f a::soc;ated with comentional well installation procedures. 

r:· :!-:.e Hydropunch had been used with a hollow-stem 
a·_ge: anll rig to conduct the same investigation. it is 

{ es:::-nated that :ield costs would have been less than 
Jne-haif the cost oi a conventional well installation. 

Louisiana Petrochemic:li Plant i T.1e southeastern Louisiana gulf coastal area is a 
:-eg:on where the Hydropunch has been used effectively. 
C.:c:nmonly. sediments encountered in this area are a j re:1ection of a series of transgressive and regressive deltaic 
secuences. They are soft. unconsolidated and. in places. 
signtiicantly thick. The lithologies are generally various 
cor.:binations of clays. silts. and sands. 

The so it sediments and shallow water table ness than 
10 feet commonly) lend themselves to rapid sample 
acquisition. The Hydropunch has deiivered as many as 

, :2 sam pies in a 10-hourday. These samples were collected 
f:om ~shallow as 1:! feet t3.6m) and as deep a~ 65 feet 

. . -:-:-:en<· :·.r.·o :-:Lor :.:~~l!S ur .essJ: :--e~o,.-e :;:e :e=-t:e~ :iusr . 
.::-:\·e or ~~..:sh ::-:;! H:.Crcpl!nc:t 3 :·:!et or ~ore ;l.S.t :::-e 
Jottom Ji" :::e JL:ge:-: J~e:1 t=-:e H.,.droounch: ll~ow 1t '.O 
:::L :-et:-:e'.e l::d :.:::e:: :he sam~1e~: and :-:sume au2erin2. 
L'se or' :·,.,o Hyc;:\J;:Jt.:nches :n :ande:-:1. one to be drive-; 
.nto posmon '.\, ht!e ::.e other '-l:'llt was oetng decontami­
::lted. · . .,·as <.ery :::-:;e-'!rfic:e:1t. For vemcal deiineation of 
a pit.:me. sa:-:1pies were i.!Suaiiy .:oiiected at 5-foot incre­
!T.ents. F:ll ttme for ~he H•:droounch was iound to varv 
·xith the per:neabtiity or' t.he :;.ter;ai being sampied. I~ 
;:Jia.stic. low-permeability c~ays. :he fill time was 45 minutes 
or longer. Occastonaily. c:ayey :·ormauon fines comoiete!v 
;:1iugged the mtake tube openmgs and no sami'ie '""'~ 
obtained at all. In more permeable rnate:1al. the Hydro­
;:JUnch tilled in as little as rive rnmutes. Generally speaking, 
:n tine-grained sedime::ts. :he shallow samples wouid 
require a longer ~ill time. due to a less sxgnuicant potenti­
omemc head than deeper samples. Sampie volume is 
contingent upon permeability of the formation and. cor­
respondingly, the length oi time the Hydropunch is 
allowed to till. 

During the early part of 1988. the Hydropunch was 
used while conducnng a ground water mvestigation at a 
petrochemical facility in south Louisiana. Low levels of 
various chlorinated organics were suspected of being 
present in the ground water underlying the site. The 
Hydropunch was used in conjunction with a hollow-stem 
auger drilling rig to provide ground water samples for 
vertical and areal plume delineation. 

The petrochemical facility pro,.ided its own laboratory 
services for quick gas chromatographic analysis of the 
ground water sampies. Hydropunch samples were col­
lected from depths ranging from 11.5 feet ( 3.5m) to 72 
feet (21.9m) below surface. ~inety-nine ground water 
samples were collected from various elevations below a 
ground surface in 12 working days for an average of eight 
samples per day. Each working day consisted of approx­
imately 10 hours. Two Hydropunches were used in tandem 
as described earlier. In general. with increasing sample 
depth. more time and effort were required. Two zones of 
contamination were identified. Based upon information 
gathered with the Hydropunch. a subsequent reco..-ery 
system is in the planning stages. 

Practical Considerations 
Over the past three years. the Hydropunch has been 

used throughout the C nited States in a variety of hydro­
geologic environments. Samples have been collected using 
cone penetrometer rigs and various types of drilling rigs. 
The design of the unit has been continuously modified to 
correct problems encountered during its use. A quick 
summation of the major problems encountered to date 
and the mitigative measures taken includes: 
Problem-Physical deformation of sampler .. 

Solutions 
• Do not attempt to drive sampler through l':Ctremely 

hard material. i.e .. weathered granite. cobbies. etc. 
(a general rule of thumb is. tf a :!-inch split-spoon 
sampler cannot be used. a Hydropunch sampler 
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Solutions 

uper:n:Jn. 

Problem-F:1:iure 0r" .nc:1ke :~o~ co :e:~sco;:-e :mo open 
;csmon d~e :o :i::e s:1r.a .1:1d :,mcimg :T.u\ mg co:-::;:-onents. 

Solution 
• C~ange :ocauons or··o" ~1:-:g sealS to :re·:ent sand 

:·:-om ·.~.or:cng :r.ro ::ousmg ut.:r::1g dr.'-:::g. 

Problem-Flliure or" :m.1ke :!..lb~ to :e:escope mto open 
;osmon due tO :nsui:ic;em SOli tnct;on vn dr:•,e cone. 

Solution 
• Reduce :·r.ct:on of ime~al mov:ng parts :o enhance 

sliding act:on. 
• lengthen and change the shape of the dnve cone to 

increase soil fr.ction and tmprove ··Joiding .. char­
ac:ensucs m low cohesiOn sotis. 

At present. the most common prooiem encountered 
with the use of the Hydropunch occurs when a sample is 
collected from a low-permeability formation. As shown 
in Figure 2. the interval from which the ground water 
sample is collected is located above the drive cone and 
below the body of the sampler when in the open position. 
Tnis represents approximately 16 linear inches of intake 
area t0.4ml. Consequently. fill time for the Hydropunch 
:s directly related to the permeability of the zone exposed 
to the intake tube. In plastic, low-permeability clays, the 
t:me required to collect a sample has been 45 minutes or 
longer. In permeable soils, the Hydro punch may till in as 
iittle as rive minutes. On occasion. clay has completely 
plugged the intake tube openings and no sample was 
coilected . .-\ small-diameter electric water-level probe is 
lowered into the drive rods to determine when the sample 
chamber is full. Although slow fill times can be frustrating, 
some initial estimates of the zone's relative permeability 
c:1n be made from the slow fill rate. 

Experience has also shown that collection of samples 
tr:Imediateiy below the water table requires a ionger fill 
ume than samples coilected at greater depths. Tnis is due 
to a smaller potentiometric head between the sampler 
and the aquifer at the shallow depths. 

When collecting Hydropunch samples in rapid suc­
cession (i.e .• during vertical profiling or shallow ground 
water sampling), it is cost~ffective to have two or more 
Hydropunches available. The use of multiple units permits 
decontamination of one unit while the other is in use. 

Finally, as in the case with any geotechnical tool, the 
more experience the operator has with the Hydropunch, 
the better the results. It has been found that after using 
the Hydropunch for several days. an experienced techni­
cian can rapidly make adjustments in the tield for specific 
hydrogeologic or drilling conditions encountered and 
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::)lilly .. ow ~ydr:H;;,.:; :-:e~c. J.:",IJ ocer:uor "!:~::e~:e:-:c~ 
, .. ,·; IMr~,.~,., .... a r-.a .-..~~· ._ ... ~, :,;., H'· ""~ ~~ '""~ 
.cd• ............... ~..~ •.•• ,., •.• or ... Jn<.;. or ••• e _.a • ..,;:'t.; •• ~.o ••. 

Comparison of .\lonitoring \\<.ell 
and Hydropunch Data 

i J.bie 2 shows a g~:-:erai compar:son oi ·-• at~~-·-" t.:J.;:t·. 
d:ltadenved :·ror.l Hvdrocunc:: samci~s J.nC z:-our.c··-•.1• .. ~ . . . - ..... 
sampies codec~ec :·rom mon!tor.ng ·.~e:!s :nsta::ed ::: :::e 
same borehoi~. T::e data snown ;n TJ.oie: ·.•ere 2'!:'-e~:l::!.: 
:·:-om a iandtiilloc:J.ted m norther."! Ca~ifcmta. T;e lUt:: c; 

ack:1owiedge th:u :-~um~rous <ar:abies exist bet·-~ee:: ::-:e 

sam pies. Samples were not coilec:ed from the Hydropu::c:~ 
J.nd the weil concurrentiy 1 the:-e was appro:mnateiy 1 

two-month penod between sampling eventsl: conse­
quently. chemrcai conditions may have changed ben .. -een 
samples. Wells and Hydropunch samples were not col­
lected from exactly the same intervals. Screened inter•als 
for monitoring wells were 10 to 30 feet while the Hydro­
punch collects a sample from an interval of approximat!:y 
2 feet. 

Detection limits and dilution ratios for sample analyses 
may also vary. Even with these variables. it can be seen 
from Table 2 that a good correlation can be made between 
the contarrunant concentrations found in the Hydro punch 
samples and those found in the ground water samples 
from monitoring weils. Similar resuits have been found lt 
other sites. In the authors' experience. the correlation 
provides a level of coruidence that is suitabie for detar:ed 
plume delineation programs. 

Summary 
The Hydropunch ground water sampiing tooi has 

been developed to provide ground water samples sunabie 
for priority pollutant analysis without the installation oi 
ground water monitoring wells. The sampler is designed 
to be used in two modes. A cone penetrometer rig can be 
used to rapidly push the unit to the desired sampi1::g 
depth, or the Hydro punch can be connected to soil sam­
pling rods permimng ground water samples to be collected 
during conventional drilling and soil sampling operations. 

Ground water samples provided by the Hydropuncn 
can be used to define the vertical and horizontal extent oi 
ground water contamination and to characterize hydro­
geologic conditions. enabling the investigator to eliminate 
unneeded monitoring wells and to correctly design and 
locate those wells that are required for permanent mom­
taring purposes. 

Advantages over conventional ground water inves­
tigative techniques include: 

• Ground water samples can be quickly collected 
(two to 10 times faster than conventional monitor­
ing well installation and sampling). 

• Ground water samples can be economically col­
lected, typically 40 to 90 percent less costly th:l:1 
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TABLE ., -
Comparison of H~·dropunch and ~lonitorin~ Well Water Samples 
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::O.ioroetl:lene \D 'SO '<D ~-5 ...-o 

\ lliatile :-<on-Priority 
~>~f!utar.ts 

-Xyu:nes 0.7 0.1 \'D :.5 ...-o 
'.ene 0.1 \"D '-iD :.5 '<D 

~.!-!.:-

J:cnioroetl:lene :.~ :.6 !8 ·s 158 

0 :ivdropunch samp1es ,.ere coll~ed. 

:norutonng well installation and sampling methods. 
• Sample quality is suitable for priority pollutant 

analyses and. unlike other secondary detection 
tecnmques. provides a sample that quantifies pol­
:utant concentrations in the ground water. 

• The Hydropunch is a clean sampling system. min­
tmizing cleanup and decontamination 
reauirements. 

• \Vith suitable drilling techniques, the Hydropunch 
can provide a ground water sample from a discrete 
\em cal interval by preventing water above and 
below the intake screen from entering the sampler. 
By collecting numerous samples from a single 
borehole, a vertical water-quality protile can be 
deveioped for muiti-aq uifer systems or stratification 
of contaminants can be defected within a single 
aquifer system. 

i 'he Hydropunch has been used with both cone pene­
..,..~ter and hollow-stem auger drill rigs and has proved 

:est-effective in both applications. If a gas chroma­
. -,:>h or other analytical equipment is available on-site, 
:;am piing can be adjusted in the field to maximize the 

· the water-quality and hydrogeologic data as they 
:nerated. As a result, ground water investigations 

be completed in a fraction of the time and cost of 
·igations using conventional well installation and 
ing methodologies. 
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